Background: exercise in IC leads to ischaemia-reperfusion injury of leg muscles and a systemic inflammatory response, but the effect of on coagulation is unknown. Objective: to compare the effect of exercise on thrombin formation and fibrin turnover in patients with IC (n 10), and age and sex matched smokers ([S] n 5) and non-smokers ([NS] n 5) without peripheral vascular disease. Methods: blood was taken from subjects 60 and 30 min before, and 1, 5, 20, 40, 60 and 120 min after, treadmill exercise. Markers of thrombin generation (thrombin-antithrombin complexes [TAT] and prothrombin fragments 1 2 [PF1 2]) and fibrin turnover (D-dimer and fibrin degradation products [FbDP]) were assayed at each time point. Results: following exercise, thrombin generation was significantly greater in the claudicant group compared to the control groups (Area Under Curve [AUC] post exercise IC vs S vs NS; TAT 3960 vs 1623 vs 1476 vs 0.007 Kruskal±Wallis [KW]; PF1 2 163 vs 107 vs 123 p 0.024 KW). Pre and post-exercise, fibrin turnover in claudicants was similar to smoking controls, but higher than non-smoking controls. (AUC post exercise IC vs NS; D-dimer 6340 vs 2754 p 0.055 Mann±Whitney U[MW}; FbDP 45113 vs 21511 p 0.009 MW).
Introduction
Intermittent claudication affects 5% of the middleaged (55±75 years) European population. While only 1±2% claudicants progress to critical limb ischaemia each year, they suffer an annual cardiovascular mortality that is 3±4 times greater than that observed in an age and sex matched non-claudicant population. 1 Although this may simply reflect the burden of multi-system atherosclerosis, even when the extent of concomitant coronary and extracranial vascular disease is taken into account, claudicants still appear to suffer an excess of thrombotic vascular events. 2 The reasons for this remain ill-defined. However, several groups have shown that when claudicants walk and then rest they suffer repeated episodes of leg muscle ischaemia-and reperfusion injury (IRI), which in turn leads to the development of a systemic inflammatory response (SIR). It has been suggested that this SIR injures the endothelium, accelerates atherosclerosis and may increase thrombotic risk. 3 However, to date, the effect of exercise in claudicants on haemostasis has not been adequately defined. The aim of the present study, therefore, was to compare the effect of treadmill exercise on thrombin production and fibrin turnover in claudicants and controls without peripheral arterial disease (PAD).
Methods
Ten smoking male claudicants and 10 aged-matched (AE3 years) male controls (five smoking, five nonsmoking) without PAD were recruited (see Table 1 for inclusion and exclusion criteria and Table 2 for baseline patient and control characteristics). To avoid walking patients were transported to hospital by taxi, and then to a quiet, temperature-controlled (25±28 C) room within the Vascular Studies Unit (VSU) by wheelchair. Subjects were asked to abstain from smoking, or eating a heavy meal for 1 h prior to arrival, and avoid unaccustomed exercise in the preceding 24 h. While in the VSU the only exercise or movement allowed was on the treadmill; for example, if patients required the toilet they were taken by wheelchair. All the studies commenced between 08.30 and 09.00 am. An 18 gauge cannula inserted into a right antecubital fossa vein, which was kept patent with boluses of 0.9% saline. After 60 and 90 min of sitting, blood was drawn from the cannula. After sitting for a total of 120 min, subjects underwent a treadmill exercise test (3.5 km/h at a gradient of 12) until the absolute claudication distance was reached (claudicants), or for 3 min (controls). At the end of the exercise blood was collected at 1, 5, 20, 40, 60 and 120 min. Fibrinogen, thrombinantithrombin (TAT) complexes and prothrombin fragments (PF) 1 2 (all Dade-Behring, IL, USA); D-dimer (American Diagnostica, CT, U.S.A.); fibrindegradation products FbDPs) (Organon Teknika, Turnhout, Belgium) were assayed at each time point using commercial assays. Reference ranges for these assays are appended. SPSS version 10.0.5 package (Statistical Package for Social Sciences Inc, Chicago, IL, U.S.A.) was used for all statistical analysis. Pre-exercise values were calculated by taking the average of the results of the two preexercise samples. For samples taken post-exercise, the area under the curve (AUC) was calculated for each individual, at each visit ( Fig. 1 ). Subjects mean pre-exercise, and post-exercise values were calculated from the two visits, so that each individual had one pre-exercise, and one post-exercise value for statistical analysis. Groups were compared pre-and postexercise with the Kruskal±Wallis test. Where this returned a value of p 5 0.05, the Mann±Whitney U-test was used to identify the groups that had significantly different values. A value of p 5 0.05 was taken to be statistically significant.
Results
The groups were well controlled for age and body mass index ( Table 2) . Significantly more claudicants than controls were taking aspirin, which was to be expected. There were also significantly more claudicants with chronic obstructive airways disease than in either control group, even though the smoking controls had a similar smoking history. At baseline, fibrinogen concentrations were significantly higher in claudicants than the non-smoking controls and trended higher than in smoking controls. These differences persisted after exercise. All groups showed a small rise in fibrinogen concentrations with exercise ( Fig. 2) . At baseline, claudicants and the smoking controls had similar levels of TAT and PF1 2. However, treadmill exercise lead to significantly higher levels of TAT and PF1 2 in the claudicant group than the controls (Figs 3 and 4) . At baseline and post-exercise, FDP and D-dimer levels were similar in the claudicant group, and the smoking controls. Claudicants had consistently higher levels than the non-smoking controls ( Figs 5 and 6 ).
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Discussion
The coagulation markers measured, and their role in the haemostatic system, are shown in Fig. 7 . The main findings of the present study are that treadmill exercise in claudicants is associated with excessive thrombin generation and that this is not accompanied by an increase in fibrin turnover, which suggests a defect in fibrinolysis. This pro-thrombotic response to exercise was not seen in a carefully matched control group. The effect of exercise on thrombin generation in claudicants and controls has been examined in three previous studies (Table 3) . Two studies observed high baseline TAT and PF1 2 but showed no effect of exercise. 4, 5 However, the patients in these studies were incompletely described or controlled for factors such diabetics, smoking or hypertension that are known to influence thrombin generation. The third study, which did include a well-matched control group, showed similar levels of thrombin generation at baseline, with a significant increase post-exercise in the claudicant group. 6 Similar studies of patient with coronary artery disease (CAD) have shown no increase in thrombin generation with exercise, suggesting that the changes observed in the present study may be due to leg muscle IRI rather than simply the presence of generalised atherosclerosis. 7, 8 However, further detailed work looking at coagulation, fibrinolysis and endothelial cell function to elucidate the exact mechanisms underlying the current observations is required and currently underway in this department.
One potential criticism of this study is the poor matching of the groups with respect to medical and drug history. However, a previous study of patients with CAD found that aspirin had no effect on thrombin generation. 7 Additionally, although the claudicants had a higher prevalence of chronic obstructive airways disease, this was never a restricting factor in the treadmill exercise.
What is the clinical importance of these findings? Firstly, the discovery of this pro-thrombotic diathesis in patients with claudication re-emphasises the need to institute best medical therapy (BMT) in all PAD patients. 9, 10 Secondly, while it has been shown that long-term compliance with an exercise programme can improve walking distance 11 and ameliorate the SIR 12 in highly selected claudicants, present data suggest that in certain circumstances lower limb exercise 13 At present the effect of revascularisation, either by means of angioplasty or bypass, on the prothrombotic diathesis observed in the present study is unknown. However, one could hypothesise that by restoring normal arterial flow and abolishing calf muscle IRI, such procedures might ameliorate SIRS and the haemostatic changes seen with exercise seen in patients treated medically. We are currently examining these issues within the confines of the U.K.-based, multi-centre, Exercise versus Angioplasty in Claudication Trial (EXACT) where claudicants are being randomised to BMT, BMT plus angioplasty and BMT plus supervised exercise. By combining data from these basic science and clinical studies it should be possible to tailor therapy to the individual patient in order to maximise safety, clinical and cost-effectiveness.
In conclusion, exercise in claudicants is associated with excessive thrombin generation, which is not seen in non-claudicants. Further work is required to determine whether this has long-term clinical consequences or should influence management.
